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RECEIVING POWER FROM A POWER SOURCE

\810

SELECTIVELY ROUTING THE RECEIVED POWER THROUGH ONE OF
AT LEAST TWO PATHS BASED ON A MONITORED VOLTAGE

N\

820

FIG. 8



US 9,329,619 B1

1
CARDS WITH POWER MANAGEMENT

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Patent Application Nos. 61/166,909 filed on Apr. 6, 2009,
61/220,501 filed on Jun. 25, 2009, 61/234,406 filed on Aug.
17,2009, 61/247,143 filed on Sep. 30, 2009, and 61/247,183
filed on Sep. 30, 2009 all of which are hereby incorporated by
reference herein in their entirety.

BACKGROUND OF THE INVENTION

This relates to cards with circuitry.

Powered cards or electronic cards that include components
such as a battery, a microprocessor, and other circuitry may be
assembled to have similar dimensions to credit or debit cards
or other cards which may include a magnetic stripe, for
example. The battery may be operable to supply power that
changes in voltage over time. For example, the supplied volt-
age may initially be too high for some of the circuitry in the
card. As the battery energy decreases, the voltage may
decrease to a voltage level too low for some of the circuitry to
properly function.

What is needed is circuitry that compensates for the change
in voltage supplied by a power source.

SUMMARY OF THE INVENTION

Power management circuitry for managing power received
from a power source is provided. The power management
circuitry is operative to manage the received power to ensure
that the voltage provided does not exceed a maximum oper-
ating voltage for various circuitry in the card. In one embodi-
ment, the power management circuitry may selectively route
the received power through a voltage protection path and a
direct voltage path. The voltage protection path may include
circuitry that causes the voltage of the received power to drop
by a predetermined voltage threshold. The direct voltage path
includes circuitry that enables the managed power voltage to
be substantially the same as the received power voltage. The
path selected may depend on a monitored voltage (e.g., either
the received power voltage or the managed power voltage).
For example, power may be routed through the voltage pro-
tection path at least until managed power voltage is at or
below the maximum operating voltage, at which the power
may then be routed through the direct voltage path.

BRIEF DESCRIPTION OF THE DRAWINGS

The principles and advantages of the present invention can
be more clearly understood from the following detailed
description considered in conjunction with the following
drawings, in which the same reference numerals denote the
same structural elements throughout, and in which:

FIGS. 1-2 show illustrations of different card embodi-
ments;

FIG. 3 shows an illustrative block diagram of a card includ-
ing circuitry according to an embodiment of the invention;

FIG. 4 shows an illustrative graph plotting signals versus
time according to an embodiment of the invention;

FIG. 5 shows an illustrative graph plotting signals versus
time according to an embodiment of the invention;

FIG. 6 shows an illustrative circuit diagram of circuitry
according to an embodiment of the invention;

10

15

20

25

30

35

40

45

50

55

60

65

2

FIG. 7 shows an illustrative circuit diagram of circuitry
according to an embodiment of the invention; and

FIG. 8 shows an illustrative flow chart according to an
embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows card 100 that may include, for example, a
dynamic number that may be entirely, or partially, displayed
via display 112. A dynamic number may include a permanent
portion such as, for example, permanent portion 111. Perma-
nent portion 111 may be printed as well as embossed or laser
etched on card 100. Multiple displays may be provided on a
card. For example, display 113 may be utilized to display a
dynamic code such as a dynamic security code. Display 125
may also be provided to display logos, barcodes, as well as
multiple lines of information. A display may be a bi-stable
display or non bi-stable display. Permanent information 120
may also be included and may include information such as
information specific to a user (e.g., a user’s name or user-
name) or information specific to a card (e.g., a card issue date
and/or a card expiration date). Card 100 may include one or
more buttons such as buttons 130-134. Such buttons may be
mechanical buttons, capacitive buttons, or a combination or
mechanical and capacitive buttons.

Architecture 150 may be utilized with any card. Architec-
ture 150 may include processor 120. Processor 120 may have
on-board memory for storing information (e.g., application
code). Any number of components may communicate to pro-
cessor 120 and/or receive communications from processor
120. For example, one or more displays (e.g., display 140)
may be coupled to processor 120. Persons skilled in the art
will appreciate that components may be placed between par-
ticular components and processor 120. For example, a display
driver circuit may be coupled between display 140 and pro-
cessor 120. Memory 142 may be coupled to processor 120.
Memory 142 may include data that is unique to a particular
card.

Any number of reader communication devices may be
included in architecture 150. For example, IC chip 150 may
be included to communicate information to an IC chip reader.
IC chip 150 may be, for example, an EMV chip. As per
another example, RFID 151 may be included to communicate
information to an RFID reader. A magnetic stripe communi-
cations device may also be included to communicate infor-
mation to a magnetic stripe reader. Such a magnetic stripe
communications device may provide electromagnetic signals
to a magnetic stripe reader. Different electromagnetic signals
may be communicated to a magnetic stripe reader to provide
different tracks of data. For example, electromagnetic field
generators 170, 180, and 185 may be included to communi-
cate separate tracks of information to a magnetic stripe reader.
Such electromagnetic field generators may include a coil
wrapped around one or more materials (e.g., a soft-magnetic
material and a non-magnetic material). Each electromagnetic
field generator may communicate information serially to a
receiver of a magnetic stripe reader for particular magnetic
stripe track. Read-head detectors 171 and 172 may be utilized
to sense the presence of a magnetic stripe reader (e.g., a
read-head housing of a magnetic stripe reader). This sensed
information may be communicated to processor 120 to cause
processor 120 to communicate information serially from
electromagnetic generators 170, 180, and 185 to magnetic
stripe track receivers in a read-head housing of a magnetic
stripe reader. Accordingly, a magnetic stripe communications
device may change the information communicated to a mag-
netic stripe reader at any time. Processor 120 may, for
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example, communicate user-specific and card-specific infor-
mation through RFID 151, IC chip 150, and electromagnetic
generators 170, 180, and 185 to card readers coupled to
remote information processing servers (e.g., purchase autho-
rization servers). Driving circuitry 141 may be utilized by
processor 120, for example, to control electromagnetic gen-
erators 170, 180, and 185. Although not explicitly shown,
power management circuitry according to embodiments of
the invention may be included in card 150.

FIG. 2 shows illustrative cross-sectional view of card 200.
Card 200 may be, for example, between 25 and 40 thou-
sandths of an inch thick (e.g., approximately between 30 and
33 thousandths of an inch thick). Card 200 may include, for
example, layer 210. Layer 210 may be a polymer, such as a
polyethelene terephthalate. Similarly, layer 215 may be
included as a polymer, such as polyethelene terephthalate.
Layers 210 and 215 may be a laminate material or a compos-
ite laminate material. During construction of card 200, an
electronics package circuitry (e.g., board 212, which may be
a dynamic magnetic stripe communications device, power
management circuitry, processor 216, display 217, buttons
218, additional circuitry 219, board 213, and battery 214)
may be fixed (e.g., glued) to layer 215, material 211 may be
injected onto the electronic circuitry package, and layer 210
may be applied to material 211. Material 211 may be formed
from one or more polyurethane-based or silicon-based sub-
stances. Material 211 may be a substance that changes its
physical state (e.g., changes from a liquid substance to a solid
substance) when subjected to one or more predetermined
conditions (e.g., heat, pressure, light, or a combination
thereof) for a predetermined period of time.

To fabricate a card that is approximately 33 thousandths of
an inch thick, for example, layers 215 and 210 may be
approximately 5 to 7 thousandths of an inch thick (e.g., 5
thousandths of an inch thick). An electronics package may
have a maximum thickness ranging between approximately
10-20 thousandths of an inch, between approximately 12-18
thousandths of an inch, between approximately 14-18 thou-
sandths of an inch, or approximately 16 thousandths of an
inch. Material 211 may have a thickness that ranges between
approximately 1-16 thousands of an inch, between 3-10 thou-
sands of an inch, or approximately 7 thousandths of an inch.
The thickness of material 211 may vary depending on a height
profile of the electronics package. Thus, for portions of the
electronic package having a relatively tall height (e.g., 16
mils), the thickness of material 211 residing on that portion
may be less thick than a portion of material 211 residing on a
portion of the electronics package having relatively short
height (e.g., 9 mils). The combined thickness of the electronic
package and material 211 may range between approximately
8-26 mils, 14-24 mils, 16-23 mils, 18-22 mils, 20-23 mils,
16-20 mils, 19 mils, 20 mils, 21, mils, 22 mils, or 23 mils. If
desired, a protective layer may be placed over layers 210 and
215. Such a protective layer may be between approximately
0.5 and 2 thousands of an inch thick or 1.5 thousandths of an
inch thick.

In one embodiment, a card can be constructed so that the
combined thickness of the electronics package and laminate
211 is approximately 21 mils and that the combined thickness
of'layers 210 and 215 is approximately 10 mils, resulting in a
card having a thickness of approximately 31 mils. Persons
skilled in the art will also appreciate that an injection molding
process of a substance may allow that substance to fill into the
groove and gaps of an electronics package such that the
laminate may reside, for example, between components of an
electronics package.
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Card 200 may include an electronics package that includes,
for example, board 212, which may be a dynamic magnetic
communications device, power management circuitry, pro-
cessor 216, display 217, buttons 218, additional circuitry 219,
board 213, and battery 214. A permanent magnet may be, for
example, provided as part of an assembled board 212 or fixed
to the top of board 212. Board 213 may include, for example,
capacitive read-head detectors placed about board 212. Bat-
tery 214 may be any type of battery, such as, for example, a
flexible lithium polymer battery. Circuitry 219 may include,
for example, one or more driver circuits (e.g., for a magnetic
communications device), RFIDs, IC chips, light sensors and
light receivers (e.g., for sending and communicating data via
optical information signals), sound sensors and sound receiv-
ers, or any other component or circuitry for card 200.

Card 250 may be provided and may include, for example,
exterior layers 251 and 254, board 253, board 260, processor
255, display 256, buttons 257, circuitry 258, and battery 259.
Persons skilled in the art will appreciate that read-head detec-
tors may be included, for example on board 253 or a different
board (e.g., a board provided between board 253 and layer
254). Material 252 may be disposed between layers 251 and
254, covering the circuitry and permeating voids existing
between circuit components.

FIG. 3 shows an illustrative block diagram of card 300.
Card 300 may include battery 310, power management cir-
cuitry 320, processor 330, and other circuitry 340. Processor
330 may control various functions of card 300 and other
circuitry 340 may represent circuitry other than battery 310,
power management circuitry 320, and processor 330.

Battery 310 may be any suitable battery such as a lithium
ion battery, a nickel cadmium battery, or an alkaline battery.
Battery 310 may be a lithium polymer battery, which is some-
times abbreviated as Li-poly, Li-Pol, LiPo, PLI, or LiP.
Lithium polymer batteries may supply power ranging in volt-
age between a maximum voltage (e.g., about 4.2 volts) and a
minimum voltage (e.g., about 2.7 volts) before the battery is
effectively dead. In some embodiments, a card having a LiP
battery may be stored at an intermediate voltage (e.g., 3.6 or
3.7 volts) prior to being incorporated into the card, at which
point, the battery may be charged to its maximum potential.

Battery 310 can be dimensioned to fit within the confines of
a conventionally sized payment card such as a credit or debit
card. The thickness of such cards may range between 31 and
33 thousandths of an inch. Battery 310 may have a thickness
ranging between about 0.38 mm to about 0.45 mm, or more
particularly, between about 0.40 mm to about 0.43 mm. In
some embodiments, battery 310 may be about 0.40 mm thick,
and in other embodiments, battery 310 may be about 0.41
mm, about 0.42 mm, or about 0.43 mm thick. As battery
technology advances, battery 310 may be dimensioned to
have a thickness less than 0.38 mm and meet desired power
requirements.

Power management circuitry 320 may be operative to man-
age power supplied by battery 310 to processor 330 and
circuitry 340. Processor 330 and other circuitry 340 may
operate according to a predetermined range of power supply
voltage. For example, processor 330 may operate between a
processor-max voltage and processor-min voltage. The pro-
cessor-max voltage may be less than the maximum voltage
supplied by battery 310. Thus, if the maximum voltage sup-
plied by battery 310 is provided to processor 330, processor
330 may be damaged. Power management circuitry 320 may
be operative to limit the magnitude of the voltage provided to
processor 330 when the battery supply voltage exceeds the
processor-max voltage.



US 9,329,619 B1

5

Power management circuitry 320 may manage power by
conditioning it according to one of two different power states.
The power received by power management circuitry 320 may
be managed and provided as managed power. In a first power
state (e.g., a voltage protection mode), power management
circuitry 320 may introduce a fixed voltage drop. This fixed
voltage drop may drop the battery supply voltage to a voltage
level that does not damage circuitry within the card (e.g., such
as processor 330). In a second power state (e.g., a direct
voltage mode), power management circuitry 320 may sub-
stantially directly couple the battery supply voltage to pro-
cessor 330 and other circuitry 340. Power management cir-
cuitry 320 may receive a signal from monitoring circuitry
(e.g., processor 330) that specifies whether to operate in the
first or second power state.

The monitoring circuitry monitors the voltage provided by
power management circuitry 320 and provides the appropri-
ate signal management circuitry. In one embodiment, proces-
sor 330 may function as the voltage monitoring circuitry. In
another embodiment, the monitoring circuitry may include
discrete circuitry (e.g., a voltage comparator). The monitor-
ing circuitry may cause power management circuitry 320 to
switch from the first to second state when the voltage pro-
vided by circuitry 320 equals or falls below a predetermined
voltage level.

FIG. 4 shows an illustrative diagram showing the battery
voltage (Vbatt) and the voltage provided by power manage-
ment circuitry (Vout) plotted against time. Between time t0
and t1, Vout is maintained at a predetermined voltage step
below Vbatt. Power management circuitry 320 may operate
in a voltage protection mode between times t0 and t1, as
evidenced by the step reduction of Vout relative to Vbatt. At
time tl, and after, power management circuitry 320 may
operate in a direct voltage mode, as evidenced by the near
identical mapping of Vout relative to Vbatt. It will be appre-
ciated that Vout may not be exactly identical to Vbatt during
the direct voltage mode and that it may be less than Vbatt due
to losses in the system. In some embodiments, Vout may be
substantially the same as Vbatt during the direct voltage
mode.

In some embodiments, power management circuitry may
be operative to step Vbatt down two or more different voltage
drops during the voltage protection mode. FIG. 5 shows a
diagram showing a multi-step voltage drop according to an
embodiment. For example, between times t0 and t1, Vbatt is
reduced by a first voltage threshold, and between times t1 and
12, Vbatt is reduced by a second voltage threshold. The first
threshold voltage may be greater than the second threshold
voltage. The first threshold voltage may ensure that circuitry
(e.g., processor 330 and circuitry 340) is protected when the
battery is supplying its peak voltage. The second threshold
voltage may be applied when the battery is providing less than
its peak voltage, but is still supplying power at a voltage that
may be too high for various circuitry in the card. The second
threshold voltage may provide the required voltage protec-
tion, yet provides a higher Vout to circuitry than the first
threshold voltage. At time t2, power management circuitry
may switch to and operate in a direct voltage mode, whereby
Vout may be clamped substantially directly to Vbatt.

FIG. 6 shows an illustrative circuit diagram of power man-
agement circuitry 600 according to an embodiment of the
invention. Circuitry 600 can include a battery input node,
Vhbatt, a signal input node, Vboost, and an output node, Vout.
Circuitry can also include voltage protection pathway 605
and direct voltage pathway 607. Voltage protection pathway
605 may be connected to Vbatt and Vout and direct voltage
pathway 607 may be connected to Vbatt, Vboost, and Vout.
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During operation, power provided on Vbatt may be routed
through voltage protection pathway 605 when operating in a
voltage protection mode. The magnitude of the voltage signal
provided on Vbatt may be stepped down by circuitry in path-
way 605 to yield a Vout having a voltage magnitude suitable
for other circuitry (e.g., a processor). In one embodiment,
pathway 605 may provide a single predetermined voltage
drop, which may be provided by a transistor, a diode, a resis-
tor network, or a transistor network. In another embodiment,
pathway 605 may provide multiple voltage drops (as dis-
cussed above in connection with FIG. 5).

When circuitry 600 operates in a direct voltage mode,
power provided on Vbatt may be routed through direct volt-
age path 607. Direct voltage path 607 can effectively couple
Vhatt directly to Vout by bypassing voltage protection path
605. Thus path 607 can provide a substantially lossless path
for enabling Vout to substantially directly tract Vbatt. Power
provided on Vbatt may be routed through pathway 607
depending on the signal provided on the signal input node,
which signal may be provided by monitoring circuitry (not
shown).

FIG. 7 shows an illustrative circuit diagram of power man-
agement circuitry 700 according to an embodiment of the
invention. Circuitry 700 can include resistor 710, voltage
protection path 705, which includes transistor 720 (e.g., a bjt
transistor), and direct voltage path 707, which includes tran-
sistor 730 (e.g., a field effect transistor). The collector of
transistor 720 may be coupled to a battery input node, Vbatt,
and the emitter may be coupled to an output node, Vout. The
base can be tied to the collector. This configuration can cause
transistor 720 to operate as a transistor in diode drop mode.
Resistor 710 can be electrically coupled to the battery input
node, Vbatt, and a signal input node, Vboost. Vboost may be
connected to voltage monitoring circuitry (not shown). Tran-
sistor 730 can have an emitter connected to Vbatt, a base
connected to Vboost, and a source connected to Vout.

An advantage of circuitry 700 is that there are no current
losses. This is particularly helpful in embodiments where the
power source cannot be recharged. In addition, when operat-
ing in the direct voltage mode, the power source (e.g., a
lithium polymer battery) is eftectively directly coupled to the
circuitry such as a processor via transistor 730. In embodi-
ments where the power source is a lithium polymer battery,
such a direct connection advantageously eliminates power
losses that may otherwise be present, but for such a direct
connection.

During operation, in a voltage protection mode, Vboost is
HIGH, which turns transistor 730 OFF. Vboost is pulled
HIGH by Vbatt. When transistor 730 is OFF, power is routed
through transistor 720 to Vout. Since transistor 720 is config-
ured to operate as a diode drop transistor, the magnitude of the
voltage provided at Vbatt can drop by the diode drop voltage
across transistor 720. In a direct voltage mode, Vboost may be
pulled low (by voltage monitoring circuitry), which causes
transistor 730 to turn ON. When transistor 730 is ON, power
provided on Vbatt bypasses transistor 720 and is substantially
directly connected to Vout. Transistor 730 can operate as a
switch that has negligible effect on the magnitude of the
voltage provided by Vbatt.

FIG. 8 shows an illustrative flow chart of steps for manag-
ing supply of power according to an embodiment of the
invention. Starting at step 810, power is received from a
power source. At step 820, the power is selectively routed
through one of at least two paths based on a monitored voltage
magnitude. The monitored voltage magnitude may be the
magnitude of the power signal provided by power manage-
ment circuitry, or alternatively, the monitored voltage mag-



US 9,329,619 B1

7

nitude may be the magnitude of the power provided directly
from the power source. If the monitored voltage magnitude is
above a predetermined threshold, the selected path may be a
voltage protection path. If the monitored voltage is at or
below the predetermined threshold, the selected path may be
a direct voltage path.

Persons skilled in the art will also appreciate that the
present invention is not limited to only the embodiments
described. Persons skilled in the art will also appreciate that
the apparatus of the present invention may be implemented in
other ways than those described herein. All such modifica-
tions are within the scope of the present invention, which is
limited only by the claims that follow.

What is claimed is:

1. A card comprising:

a power source operative to provide power via a power
source voltage, a voltage range of the power source
voltage including a maximum power source voltage and
a minimum power source voltage;

power management circuitry electrically coupled to the
power source; and power consuming circuitry electri-
cally coupled to the power management circuitry, the
power consuming circuitry including a first circuitry
with a maximum operating voltage that is less than the
maximum power source voltage,

wherein the power management circuitry is operative to pro-
vide power to the power consuming circuitry at a voltage less
than the maximum operating voltage,

the power management circuitry includes at least one cir-
cuit element selected from the group consisting of a
transistor and a diode,

the at least one circuit element is operable to receive an
input signal, and the input signal is based on a compari-
son between a threshold and a monitored signal.

2. The card of claim 1, wherein the power management
circuitry is operative to selectively step down the power
source voltage by a voltage drop.

3. The card of claim 1, wherein the power management
circuitry is operative to selectively directly couple the power
source to the power consuming circuitry.

4. The card of claim 1, wherein the first circuitry is a
processor.

5. The card of claim 1, wherein the monitored signal is a
voltage provided by the power management circuitry.

6. A card comprising:

a battery operative to supply power via a battery voltage, a
voltage range of the battery including a maximum bat-
tery voltage and a minimum battery voltage; and power
management circuitry coupled to receive power from the
battery and provide managed power via an output node,
the power management circuitry operative to selectively
provide a power management voltage to the output node
through a voltage protection path or a directly coupled
path,

wherein the voltage protection path reduces a magnitude of
the battery voltage an amount,

the directly coupled path effectively directly couples the
battery voltage to the output node,

the power management circuitry includes at least one cir-
cuit element selected from the group consisting of a
transistor and a diode,

the at least one circuit element is operable to receive an
input signal, and the input signal is based on a compari-
son between a threshold and a monitored signal.

7. The card of claim 6, wherein the monitored signal is the

power management voltage provided to the output node, and
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the power management circuitry selectively routes the battery
voltage based on the input signal.

8. The card of claim 6, wherein the battery is a lithium
polymer battery.

9. The card of claim 6, wherein the battery is a lithium ion
battery.

10. The card of claim 6, wherein the battery is a nickel
cadmium battery.

11. The card of claim 6, wherein the power management
circuitry further comprises a path selection node, and the card
further comprises a processor, wherein the processor includes
monitoring circuitry and is operative to supply the input sig-
nal to the at least one circuit element.

12. The card of claim 6, wherein the voltage protection path
comprises a BIT transistor.

13.The card of claim 6, wherein the voltage protection path
comprises a diode.

14. The card of claim 6, wherein the directly coupled path
comprises a field effect transistor.

15. A card comprising:

a lithium polymer battery;

power management circuitry coupled to the battery and

operative to provide managed power; and

processor circuitry coupled to receive the managed power

from the power management circuitry,

wherein the power management circuitry is operative to

manage power according to either a voltage protection
mode or a direct voltage mode,

the power management circuitry includes at least one cir-

cuit element selected from the group consisting of a
transistor and a diode,

the at least one circuit element is operable to receive an

input signal, and the input signal is based on a compari-
son between a threshold and a monitored signal.

16. The card of claim 15, wherein the battery has a thick-
ness ranging between about 0.38 mm and 0.42 mm.

17. The card of claim 15, wherein the battery has a thick-
ness of about 0.40 mm.

18. The card of claim 15 further comprising:

a dynamic magnetic stripe communications device.

19. The card of claim 15 further comprising:

a display; and

a user interface.

20. The card of claim 15, wherein during the voltage pro-
tection mode, a magnitude of a voltage associated with the
managed power is a voltage drop less than a voltage magni-
tude of a battery supply voltage.

21. The card of claim 15, wherein during the direct voltage
mode, a magnitude of a voltage associated with the managed
power is substantially a same magnitude as a voltage magni-
tude of a battery supply voltage.

22. A method for managing supply of power in a card, the
card comprising at least first circuitry having a maximum
operating voltage, the method comprising:

receiving power from a power source, the received power

associated with a power source voltage, a voltage range
of the power source voltage including a maximum
power source voltage and a minimum power source
voltage;

monitoring a power signal;

providing an input signal to at least one circuit element

based on a comparison between the monitored power
signal and a threshold, wherein the at least one circuit
element is selected from the group consisting of a tran-
sistor and a diode; and

selectively routing the power source voltage through one of

at least two paths based on the input signal such that a
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maximum possible managed power voltage is provided
to at least the first circuitry, without the maximum pos-
sible managed power voltage exceeding the maximum
operating voltage.

23. The method of claim 22, wherein the monitored power
signal is a managed power voltage,

the selectively routing includes controlling which path the

power source voltage is selectively routed through in
response to the input signal, and the input signal is a
voltage.

24. The method of claim 22, wherein the power source
voltage degrades from the maximum power source voltage to
the minimum power source voltage over time, and wherein
the power source voltage is routed through a path that reduces
the power source voltage by a target voltage when the power
source voltage is greater than the maximum operating volt-
age.

25. The method of claim 22, wherein the power source
voltage degrades from the maximum power source voltage to
the minimum power source voltage over time, and wherein
the power source voltage is routed through a path such that a
managed power voltage is substantially same as the power
source voltage when the power source voltage is less than the
maximum operating voltage.
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